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INTRODUCTION
Resent testing was conducted at the U.S. Army Armament Research, Development and Engineering Center (ARDEC), Picatinny Arsenal, New Jersey on a soft recovery system for a 155-mm projectile in an assembly as shown in figure 1 and with numerical details given in figure 2. Sense and destroy armor, such as the 155-mm projectile, have very sensitive components and packaging intrinsic to their design. Projectiles tested to evaluate performance and failure analysis using a soft recovery system is very expensive. As of date, recovery was employed to retrieve the projectile in such a way that the projectile does not exceed damage thresholds. The complexity of the projectile makes it vulnerable to damage during testing and may become too damaged for useful analysis. The use of soft recovery will enhance and enable the verification of launch functionality/performance of the projectile's components, by measuring these variables during the actual testing. This report details a non-numerical closed form model and its predictions for the flow dynamics in the proposed soft recovery work. Not only is there a need for a soft recovery system, but also for a computer program that could accurately predict the projectile's behavior as it is fired through a gun assembly, which could reduce testing costs and speed research and development in ballistics design and implementation. 
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THEORY
The formulas used in the FORTRAN program (app A) that simulates the scat recovery system were taken from a standard text by Anderson (ref. 2) . A shockwave is initially created as the projectile enters the gun tube with a velocity of 516 m/s. The shockwave travels back and forth along the tube where the length of the path in a given direction changes because of the projectile's forward motion. The Mach number of the shockwave changes from its initial value to when the shockwave reflects off the back of the diaphragm and the front of the piston. When the pressure due to the shockwave exceeds the threshold of the diaphragm, the diaphragm bursts and pressure is then exerted upon the back of the piston. Shockwaves are reflected off the back of the piston and the front of the projectile until the piston displacement creates pressure on the water plug until it bursts. The energy expended by the piston in bursting the water plug is equal work done in bursting the water plugs encasing the water section of the scat assembly and pushing the water mass forward. The yield strength of the water plug is used to calculate the energy expended and lost by the piston. The yield strength of the diaphragm and water plugs were both assumed to be equal to 3,447,378 P. The FORTRAN program used in the simulations has two loops: a G loop with and embedded N loop. Both loops have an initial value of one and are incremented by one for each loop. Different Gs represent changing conditions when a barrier is burst. Each N calculates changing variables (i.e., Mach number, shockwave velocity, projectile/piston displacements and velocities) during the simulation when the shockwave completes a circuit in both forward and backward directions as it reflects off of surfaces within the assembly.
Calculation of Initial Mach Number
The non-reflected Mach number can be calculated by knowing the particle velocity in front of the projectile. The particle velocity can be approximated as the initial speed of the projectile Vp. The initial Mach number is calculated as ( fig. 3 )
where y = cp /c,, Vs is the shockwave velocity, P2 is the shockwave pressure in back of the shockwave and on the front of the projectile, and Pl is the pressure in front of the shockwave and on the back of the diaphragm.
The initial shockwave Mach number is given by The projectile velocity and displacement at any time can be taken from standard formulas in physics. During the time a shockwave is traveling through a medium, the pressure on the front of the projectile is constant and is decelerating it. The nth distance traveled during time Ar. in the forward direction
where A is the cross-section area of the projectile, v(xN) is the initial velocity of the projectile when shockwave is either reflected or created at the surface of the projectile, L is the distance the shockwave has to travel before hitting a barrier, V s is the shockwave velocity, and Mpis the projectile mass.
Calculation of Time for Reflected Shockwave to Hit Front of Projectile
As the shockwave reflects off the diaphragm, the projectile is still moving forward, but in a decelerating manner. The time the shockwave takes to reflect off the diaphragm and hit the front part of the projectile can easily be shown to be
and how far the projectile is displaced during this time interval is 
Physically, the only possible solutions occur if
Knowing AxN and AXN-1, ArN+ 1 can be determined from equation 8.
Calculation of the Reflective Mach Number MR after Shockwave Hits Surface of a Barrier
Upon forward reflection from a surface, the pressure in back of the shockwave becomes
P2N+l and in the front of the shockwave PN as shown in figure 2. For backward reflection from a surface, the pressure in back of the shockwave becomes P2N+1 and in the front of the shockwave PN.
One can now calculate the new reflected Mach number using Generally speaking, knowing MR, the new pressure on the surface of a barrier can be estimated. For backward reflection, P2N+I = FACTOR* P 2 N, for forward reflection P2N = FACTOR * P2N=I, where factor is a constant obtainable from standard tables (ref.
3). In both cases, the pressure with the higher subscript is the shockwave pressure on the surface of a barrier nearest to the reflected shockwave.
Calculation Velocity of Piston as a Function of its Displacement
Computer simulation showed that the pressure P of the shockwave on the piston is always much greater than the gas pressure on the front of the piston and the friction forces F during the time the shockwave travels towards or away from the piston. Thus, the acceleration of the piston can be approximated as constant.
ApS = [(PA -F]/ Mps
(10)
There are three forces acting on the piston: shock pressure, friction, and pressure from the ideal gas in the chamber between the piston and the water plug. The net force on the piston can be used to calculate the increase in its kinetic energy when the net force on the piston increases its kinetic energy as it is displaced a distance X.
PMpsVs/2=vRTALN(I-X/Lpw)+(PA-F)X (11)
VpS = V(2vRTApLN(I -X / Lpw)+ 2(PAp -F)X / Mps
For the constants used, X/LPW = .0736 so the above simplified to
After diaphragm bursts, the piston is being accelerated by pressure of the shockwave from the projectile and decelerated by friction forces and gas pressure between the piston and the water plug. When the water seal bursts, energy will be expanded to break the seal which decelerated the piston to zero. To calculate when the water seal burst, one calculates how far the piston travels to the point when the gas pressure in the region in between the piston and the seal reached its yield strength YD. If the water plug bursts before the piston is displaced x, the critical displacement can be calculated using the Ideal Gas Law PV = vRT.
YD = vRT /(A(Lp;v -x,i))
where v equals the number of moles of air between the piston and water plug, T = temperature, A = the cross-section area of the front of piston, Xcr,it is the critical displacement of the piston when the water plug bursts, and Lpw = initial distance between piston and water plug.
Time/Displacement Offsetting of the Projectile and Piston
Time increments in the computer program are not calculated continuously; they are, in face only, calculated when the shockwave strikes a surface within the assembly; i.e., the surface of the projectile, diaphragm, piston, or water plug. When a barrier bursts, the computer program calculates, using a subroutine, when and where the projectile/piston is when the bursting occurs.
RESULTS OF COMPUTER SIMULATIONS
The computer simulations and data plots are shown in figure 4. There were few quantitative agreements with the results of the FORTRAN computer simulations and the experimental data. The results are, however, qualitatively similar to the point that there was a sharp spike in the pressure followed by a plateau outing.
The initial pressure on the projectile was calculated from the FORTRAN program (app A) to be 569,000 P, which was consistent with the value at point 2 on the data plot in figure 4. The initial pressure was determined to be instantaneous from the computer simulation; from the data plot from points 1 and 2, the plot shows a sharp pressure gradient 0.04 sec with noisy entries, which was the result of the projectile not entering the scat assembly before that time. In the computer simulation, the projectile pressure remains constant until the diaphragm bursts during which the shockwave pressure "spikes" upwards when the shockwave hits the back of the diaphragm. However, the data projectile pressure abruptly decreases after point 2 in figure 4 to one atmosphere, which was the projectile pressure before it entered the assembly. This could only have happened if the stiff coupler in figure 1 leaked out the pressure in the chamber in between the projectile and the stiff coupler. The diaphragm bursts at 0.2 sec in the data plot and 0.38 sec.in the computer simulations. The difference was partially due to the effect of the stiff coupler in the scat assembly, which was not noted of the FORTRAN program. Differences of pressure maximum at points 3 and 4 in figure 4 were most likely due to the effects of turbulence, which the computer program didn't simulate. For both the data and computer simulation, the projectile pressure remained constant -indicating that the water plugs burst during the time after the shock reflected off the back of the piston and hit the projectile. The negative pressures are artifacts from the circuitry in the pressure sensor since negative pressures are not physically realistic. Most likely, they were offset incorrectly when the circuitry processed the data resulting in a negative pressure. Simulations predicted that the piston will decelerate to zero within the passably which was consistent with the experimental results.
The pressure in back of the shockwave is always greater than the pressure in front of the shockwave. In figure 4 , the diaphragm bursts when the projectile pressure is just above the yield strength of the diaphragm in the simulation plot and about 36% below it in the case of the data plot. In both plots, the diaphragm could have only burst when the shockwave hit the back of the diaphragm. The large difference between the two plots in projectile pressure between the diaphragm burst may have been due the effect of turbulence in increasing pressure at surfaces during shockwave propagation. Different values of y could explain the difference, but the same value of y 1.4 was used. 
155-mm
CONCLUSIONS
The computer simulations matched the experimental data only in a qualitative sense to the point that there was a sharp spike in the projectile pressure when the diaphragm bursts, which instantaneously dropped to the initial projectile pressure until the water plug burst. The disparity between the two plots exists because the simulation failed to take into account the effects of turbulence on the generation of pressures throughout the assembly so there was not an exact quantitative concurrence between the simulations and data plots in terms of projectile pressure and the time coordinate when the diaphragm bursts. The simulations accurately predict a zero exit velocity for the piston.
APPENDIX A FORTRAN COMPUTER PROGRAM
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A flowchart for the FORTRAN program used in this report is shown in figure A- 
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